Regional myocardial function may change differently in different pathology. Speckle tracking echocardiography (STE) was applied to evaluate longitudinal, radial, and circumferential function in patients with aortic stenosis (AS) before, within 1 week, and 6 months after aortic valve replacement (AVR).
Introduction
Severe aortic valve stenosis (AS) is associated with left ventricular (LV) concentric hypertrophy and reactive fibrosis with changes in LV function as a response to LV pressure overload.
1,2 After aortic valve replacement (AVR), a residual hypertrophy is present despite of the reduction of the outflow gradients. AVR has an immediate effect on the outflow gradient, but little is known about the relationship between LV geometry and LV function and the effect of LV remodelling shortly after AVR. Measurement of regional myocardial deformation promises to provide new insights into the mechanisms of myocardial adaptation after the abrupt change of the intraventricular pressure conditions. Doppler-based echocardiographic techniques are well established and allow the measurement of regional longitudinal myocardial function but as a major limitation are strictly angle-dependent and, thus, do not offer sufficient information about radial and circumferential deformation. Speckle tracking echocardiography (STE) is based on a frame-by-frame grey-scale two-dimensional image analysis and allows to measure deformation accurately in any given axis within the image. 3, 4 There is an important regional non-uniformity in myocardial function depending on ventricular morphology and transmural fibre orientation. 5 Therefore, it is conceivable that radial, circumferential, and longitudinal myocardial function change differently from each other and in different pathology.
In this study, we applied STE to evaluate radial, circumferential, and longitudinal function in patients with AS before and after valve replacement.
Methods Patients
We examined a total of 40 consecutive patients with severe AS undergoing AVR. Patients with more than mild aortic or mitral regurgitation, more than mildly reduced LV ejection fraction (LVEF , 40%), severe renal insufficiency, and relevant pulmonary disease were excluded. Four patients were excluded because of incomplete follow-up data and three patients because of post-operative regional hypokinaesia. The final analysed group consisted of 33 patients (16 female, 17 male, mean age 68 + 8 years). Further patient characteristics are presented in Table 1 . All subjects were in sinus rhythm. All participants gave written informed consent. The study was approved by the local Ethics Committee.
Echocardiography
Echocardiographic investigation was performed with a Vivid 7 ultrasound system (GE Vingmed, Horton, Norway) equipped with a 3 MHz phased array transducer. For data acquisition, three complete cardiac cycles were stored digitally, while patients were at rest in apnoea in the lateral supine position before, within 1 week after AVR and again 6 months after AVR. LV systolic and diastolic dimensions were measured. LV mass and LV mass index (LVMI) were calculated using the formula of the American Society of Echocardiography. Aortic valve area was calculated using the continuity equation. Left ventricular ejection fraction was measured by biplane Simpson's method. Transmitral flow and mitral annulus movement with tissue Doppler were recorded. For STE analysis, we acquired standard parasternal short-axis views at the level of papillary muscles and apical four-, three-, and two-chamber views. STE analysis was done offline on a PC workstation with dedicated software (EchoPac BT07, GE Vingmed, Horton, Norway). This technique is based on a tracking algorithm able to identify natural acoustic markers ('features') within the myocardium, to track their motion from frame, and to calculate from that velocity and deformation of the myocardium. For data evaluation, the left ventricle was divided into six walls (septal, lateral, anterior, inferior, anteroseptal, posterior) and each wall into three segments (basal, medial, apical). Longitudinal and radial maximal strain (LS, RS) were then calculated for each of the 18 segments. Circumferential strain (CS) was measured in six segments of the parasternal short-axis view. The software automatically calculates the average of segmental peak strain. Tracking quality was checked visually. Segments with inadequate tracking were excluded from further analysis. Figure 1 gives an example for strain curves derived by STE. Intra-and interobserver variability was determined by analysing strain values in 10 patients two times by a first observer and one time by a second observer, both observers with profound experience in deformation imaging.
Results

Patient characteristics
Fifty-eight percent of the patients were in NYHA class III or IV before valve replacement. Six months after AVR, NYHA class improved in 86% of the patients, in 14% there was no change. Mean aortic valve area before AVR was 0.54 + 0.19 cm 2 . Coronary heart disease was present in 22 patients. In 14 patients, coronary heart disease necessitated combined AVR and coronary artery bypass grafting. Six of 33 patients received a mechanical prosthesis and 27 a biological prosthesis. The mean ring size was 21.8 + 1.3 mm. The study was not powered to detect differences between different types of prostheses. Mean heart rate was 69 + 12 b.p.m. before AVR, increased to 81 + 11 b.p.m. (P ¼ 0.001) after AVR, and was 72 + 13 b.p.m. (P ¼ 0.003) after 6 months (P ¼ 0.8).
Standard echocardiographic parameters, left ventricular mass and global function
Standard echocardiographic parameters are shown in Table 2 . With AVR, outflow velocities decreased significantly and remained stable at 6 months follow-up. LV end-diastolic and end-systolic diameters did not change significantly over time. Diameters of the septum and posterior wall as well as LV mass and LVMI were unchanged 1 week after AVR but decreased significantly during the next 6 months (Figure 2A) . Preoperative LVEF was 55 + 10%. Left ventricular fractional shortening and LVEF did not change significantly after AVR, only a trend to augmentation was seen after 6 months ( Figure 2B) . Markers of diastolic function (E/A ratio) and ventricular preload (E/e 0 ratio) improved after AVR ( Figure 2C ). LVDd, left ventricular enddiastolic diameter; LVDs, left ventricular endsystolic diameter; IVST, interventricular septal thickness; PWT, posterior wall thickness; LVM, left ventricular mass; LVMI, left ventricular mass index; LVFS, left ventricular fraction shortening; LVEF, left ventricular ejection fraction; AV Vmax, aortic valve maximal velocity; E, E-wave velocity; E/A, E-wave/A-wave ratio; E/e 0 , E-wave/e 0 -wave ratio; MV dT, mitral valve deceleration time. Standard echocardiographic parameters before (pre-AVR), 1 week (post-AVR), and 6 months (follow-up) after aortic valve replacement measured in 33 patients + standard deviation and P-values (*P , 0.05, **P , 0.01, ***P , 0.001). Sign1: post-test significance (pre-AVR vs. Post-AVR). Sign2: post-test significance (post-AVR vs. follow-up). Sign3: post-test significance (pre-AVR vs. follow-up). Sign4: ANOVAs (pre-AVR, post-AVR, and follow-up).
Quantitative myocardial function analysis
tracking quality was found especially in patients with high BMI and in post-operative patients.
Before valve replacement, LS, RS, and CS were 217 + 3.9%, 44.5 + 18.9%, and 214.3 + 4.2%, respectively ( Figure 3A -C ) . Within 1 week after AVR, only a non-significant increase of maximal strains in all three directions could be observed (217.5 + 4.5%, 48.5 + 15.8%, 215.3 + 4.2%, all n.s.). After 6 months, there was a significant increase of strains (219.7 + 4.5%, 53.9 + 21.6%, 218.3 + 5.5%, P , 0.001). In consequence, AVR led to an increase of peak systolic LS by 16%, RS by 21%, and CS by 28% of baseline values. We found only a minor correlation between LV mass and regional deformation parameters (r ¼ 0.3, P ¼ 0.007). Intraobserver variability with a 95% confidence and E/e 0 ratio (C ) before, 1 week, and 6 months after aortic valve replacement. Figure 3 Longitudinal strain (A), radial strain (B), and circumferential strain (C) before, 1 week, and 6 months after aortic valve replacement. interval was 1.38% (1.16%; 1.59%) for LS, 3.52% (3%; 4.04%) for RS, and 1.18% (0.7%; 1.67%) for CS. Interobserver variability was 1.81% (1.53%; 2.09%) for LS, 3.6% (2.98%; 4.21%) for RS, and 1.01% (0.73%; 1.30%) for CS. The corresponding Bland-Altman plots are depicted in Figure 4 .
Discussion STE was used in order to obtain detailed information about early changes in regional myocardial function. Before valve replacement, regional strain values were within the normal range known from other studies. 4,6 -8 Nevertheless, officially accepted standard values for speckle tracking derived strain are not available.
A Doppler-based echocardiographic study of Iwahashi et al. showed reduced LS despite of normal LVEF in patients with severe AS. However, in our study, we could not detect striking regional abnormalities before AVR. Within 1 week after valve replacement, we saw small changes in regional myocardial deformation, but without statistical significance. This might be due to the fact that in contrast to other studies, we performed the first echocardiographic examination already within the first 5 days after AVR. This is in concordance with the concept of strain as a remodelling-dependent parameter where one would not expect changes very early after AVR. Six months after AVR, we detected significant improvement of all, LS, RS, and CS values. This matches with the regression of LV mass and could express favourable remodelling. Longitudinal, radial, and circumferential deformations changed to different degrees. Different responses of LS and RS to changes in afterload were demonstrated recently by Donal et al. 10 in an experimental pig model with aortic banding. Severe AS induces LV pressure overload and therefore a hypertrophic response of the myocardium. 11 The extend of hypertrophy correlated only marginally with the measured deformation parameters. We noticed no change of LV mass 1 week after AVR. LV remodelling and reduction of LV hypertrophy, however, take longer. 12 LV hypertrophy as a compensatory response in AS allows maintaining partly systolic cardiac function despite the high intracavitary pressure. In our study, preoperative LVEF was within the normal range. After valve replacement, we saw a slight increase in LVEF, but without significance. In recent studies, contradictory data can be found about the extent of improvement of LVEF. 9, 13, 14 This is in part explained by preoperative differences in LV function and may be also due to the fact that LVEF is not an ideal measure of subtle changes in myocardial function. This has been already shown in other cardiac pathologies. 15, 16 Regional deformation parameters may help detecting early stages of impairment of LV function. This has been shown for myocardial remodelling in moderate hypertension. 17 Lafitte et al. 18 were able to prove an increased risk of cardiac events in patients with asymptomatic AS and abnormal exercise response of longitudinal contraction. Pressure overload occurs early in AS, precedes LV hypertrophy and can be estimated by the E/e 0 ratio. 19 In our study, the E/e 0 ratio was highly augmented before AVR. After AVR, the E/e 0 ratio decreased and also the E/A ratio improved. This indicates the reduction of pressure overload after AVR and may indicate a positive effect on myocardial relaxation.
Conclusion
Our data suggest that assessment of regional function provides more detailed information about myocardial functional recovery after AVR and is of potential clinical importance. Left ventricular mass decreases 6 months after AVR. Concurrently, regional myocardial function significantly improves and LV pressure overload abates. There is a considerable difference between the response of radial, longitudinal, and circumferential function.
